Understanding the frequency and correlates of redundant lipid testing could identify areas for quality improvement initiatives aimed at improving the efficiency of cholesterol care in patients with coronary heart disease (CHD).
T he Institute of Medicine's report, Crossing the Quality Chasm: A New Health System for the 21st Century, 1 defines good-quality care as care that is safe, effective, patient centered, timely, efficient, and equitable. Efficient care is defined as care that avoids waste of health care resources. A more recent report from the Institute of Medicine 2 concluded that 30 cents of every health care dollar spent in the United States is wasted. This report and recent efforts to reduce overuse (eg, the Choosing Wisely campaign) have called for efforts to improve health care operations to reduce waste and focus on activities that improve patient health. Current performance measures in patients with coronary heart disease (CHD) 3 that are based on the Adult Treatment Panel III guidelines 4,5 suggest annual lipid testing in patients with CHD, followed by treatment intensification in those with abnormal lipid levels. Although the frequency and correlates of treatment intensification for elevated low-density lipoprotein cholesterol (LDL-C) levels in patients with CHD have been studied, 6,7 the frequency and correlates of repeat lipid testing in patients with CHD who have already attained Adult Treatment Panel III guideline-recommended LDL-C treatment targets and received no treatment intensification (to further lower LDL-C levels or to treat other lipid abnormalities) are unknown. In these patients, repeat lipid testing may represent health resource overuse and possibly waste of health care resources. The aim of our analysis was to determine the frequency and correlates of repeat lipid testing in patients with CHD who have already attained the guideline-recommended LDL-C target of less than 100 mg/dL and received no further treatment intensification (to convert cholesterol levels to millimoles per liter, multiply by 0.0259).
Methods

Study Population
The protocol was approved by the institutional review boards at Baylor College of Medicine and the Michael E. DeBakey Veterans Affairs Medical Center. We identified patients having CHD with a primary care visit in a Veterans Affairs (VA) network of 7 medical centers with associated community-based outpatient clinics between October 1, 2008, and September 31, 2009. We identified patients as having CHD using International Classification of Diseases, Ninth Revision, Clinical Modification diagnoses and procedure codes for unstable angina or myocardial infarction or using Current Procedural Terminology codes for percutaneous coronary intervention or coronary artery bypass grafting (eTables in the Supplement) for up to 2 years preceding the study interval. We included patients with at least 2 outpatient diagnosis codes or 1 inpatient diagnosis code for unstable angina or with 1 code for myocardial infarction, percutaneous coronary intervention, or coronary artery bypass grafting. 8 Using VA administrative and clinical data sources (including clinic stop codes), we identified patients having CHD with a primary care visit between October 1, 2008, and September 31, 2009. We then identified the most recent lipid panel performed within 12 months before the patient's most recent primary care visit during the study interval (the index lipid panel). We ascertained patient characteristics, including age, sex, race/ ethnicity, and the number of primary care visits in the 11 months following the index lipid panel, as well as any history of diabetes mellitus (DM) or hypertension (eTables in the Supplement). Using the prescription fill date and the medication supply days, we estimated each patient's adherence to lipidlowering medications by calculating the medication possession ratio as the number of days the patient had lipid-lowering medication in the 180 days before the patient's visit per 180 days. A medication possession ratio of 0.8 or higher is a welldescribed measure of patients' medication adherence. 7, 9, 10 We studied facility and provider characteristics, including whether the facility was a teaching facility, whether the primary care provider was a physician or nonphysician such as a nurse practitioner or physician assistant, and whether the provider was a specialist performing primary care or a nonspecialist performing primary care, as well as the number of patients in a provider's panel. To assess the influence of patients' illness burden in a providers' panel on repeat lipid testing, we calculated the mean Diagnostic Cost Group Relative Risk Score for all patients with CHD in a provider's panel. This score is a ratio of predicted to actual mean cost of the VA population and has been used as a measure of a patient's overall illness burden.
11-14 For example, a patient with a score of 2 is expected to be twice as costly, with a mean illness burden twice as high as that of an average patient.
Outcomes and Analyses
We identified patients having CHD with LDL-C levels of less than 100 mg/dL who had repeat lipid testing performed in the 11 months following the index lipid panel (Figure) . Although current performance measures 3 recommend lipid testing on a yearly basis in patients with CHD, we used a follow-up window of 11 months (rather than 12 months) to account for the fact that some patients could undergo repeat lipid testing in the month before their annual follow-up visit. Because Adult Treatment Panel III treatment guidelines 4,5 allow further lipidlowering treatment intensification in patients with CHD to an optional LDL-C target of less than 70 mg/dL, we identified the proportion of patients having CHD with LDL-C levels of 100 mg/dL who underwent repeat lipid testing without intensification of their lipid-lowering medication regimen. In these patients, it is likely that repeat lipid testing was performed without any clinical action (ie, could be redundant). We defined treatment intensification as the initiation or addition of a lipidlowering medication or an existing lipid-lowering medication dosage increase in the 45 days following the index lipid panel. 7 We included statins, niacin, fish oil, fibrates, ezetimibe, and bile acid-binding resins in our definition of treatment intensification because treatment intensification in a patient having CHD with an LDL-C level of less than 100 mg/dL could indicate treatment to lower the LDL-C level to less than 70 mg/dL 5 or to lower the triglycerides level or raise the highdensity lipoprotein cholesterol (HDL-C) level. We performed logistic regression analyses to identify facility, provider, and patient characteristics independently associated with repeat lipid testing in patients having CHD with LDL-C levels of less than 100 mg/dL without treatment intensification. All facility, provider, and patient variables were entered in a model to ascertain which characteristics were independently associated with repeat lipid testing. Because the random variance in care could differ significantly secondary to clustering of patients between facilities, we also adjusted for clustering of patients at the facility level in our regression models using generalized linear latent and mixed models in a statistical software program (STATA, version 11; StataCorp LP). In sensitivity analyses, we also adjusted for random variance secondary to clustering at both facility and provider levels using generalized linear latent and mixed models. We conducted the analyses using software programs (STATA, version 11 and SAS, version 9.1.3; SAS Institute, Inc).
Results
Of 36 643 patients with CHD identified, 1452 were excluded because of missing data on lipid panels or treatment intensification. Therefore, our final cohort included 35 191 patients with CHD ( Figure) . The LDL-C levels were less than 100 mg/dL in 27 947 (79.3%). Among these patients with an LDL-C level of less than 100 mg/dL, 9200 (32.9%) had at least 1 lipid panel performed in the 11 months following the index lipid panel without treatment intensification. The total number of additional lipid panels in these 9200 patients with CHD was 12 686 (mean, 1.38 additional lipid panel per patient). In sensitivity analyses that extended the treatment intensification window from 45 to 60 or 90 days from the index lipid panel, 9046 and 8826 patients underwent repeat lipid testing without treatment intensification at 60 and 90 days, respectively. Table 1 gives the baseline characteristics of 9200 patients with CHD who underwent repeat lipid testing without treatment intensification (study patients). Their mean age was 72.8 years, with predominantly male patients of white race/ ethnicity. There were high prevalences of hypertension (86.2%) and DM (43.9%). Almost 72% of the study patients were taking statins, although only 24.4% were adherent to their lipidlowering medication regimen (medication possession ratio, ≥0.8). The study patients had well-controlled lipid levels, as evidenced by mean baseline LDL-C, non-HDL-C, triglycerides, and HDL-C levels of 70, 94, 123, and 43 mg/dL, respectively (to convert triglycerides level to millimoles per liter, multiply by 0.0113). Table 2 summarizes the association between facility and provider characteristics and repeat lipid testing. Adjusting for clustering of patients at the facility level, receipt of care at a teaching facility (odds ratio [OR], 0.74), from a physician provider (OR, 0.93), or from a provider with a large panel size (OR, 0.98 per 100 patient increase in panel size) was associated with a lower likelihood of repeat lipid testing. Conversely, an increase in the illness burden of patients in a provider's panel (a higher Diagnostic Cost Group Relative Risk Score) was associated with a higher likelihood of repeat lipid testing. Table 3 gives patient characteristics associated with repeat lipid testing. Patients with CHD older than 65 years, those with a history of DM (OR, 1.16) or hypertension (OR, 1.21), and those with more primary care visits (OR, 1.32) were more likely to receive repeat lipid testing. Conversely, patients having CHD with a medication possession ratio of 0.8 or higher (OR, 0.75) were less likely to receive repeat lipid testing.
We also evaluated the frequency of treatment intensification following the repeat lipid panel in the 9200 study patients. Our analyses showed that treatment intensification was performed in only 6.5% (595 patients) at 45 days following the repeat lipid panel.
Next, we analyzed the timing of repeat lipid panels in study patients (eTables in the Supplement) and found that 34.2% of the repeat lipid panels were performed by 6 months and 79.9% by 9 months from the index lipid panel. An analysis of clinic visits in these patients showed that 79.9% of repeat lipid panels were performed within 1 month of a primary care visit. Last, we evaluated the association of LDL-C, non-HDL-C, triglycerides, and HDL-C levels on repeat lipid panels in study patients. These lipid panel results were strikingly similar to the index lipid panel results (the mean LDL-C, non-HDL-C, triglycerides, and HDL-C levels on repeat lipid panels were 71, 96, 133, and 43 mg/dL, respectively) and argue against major medication or therapeutic lifestyle changes as the drivers of repeat lipid testing.
We also evaluated the frequency of repeat lipid testing in 13 114 patients having CHD with LDL-C levels less than 70 mg/ dL. Among these patients who also met the optional LDL-C (62.4% of those with an LDL-C level of <70 mg/dL) during 11 follow-up months. Regression analyses performed using adjustment for clustering at the provider level (in addition to the facility-level clustering) did not change the results significantly. Detailed results are given in the eTables in the Supplement.
Discussion
We found that one-third of patients having CHD with guidelinerecommended LDL-C levels had additional lipid testing performed without treatment intensification in the 11 months following an index lipid panel. Although one could argue that repeat lipid testing represents aggressive LDL-C treatment to the optional target of less than 70 mg/dL 5 or treatment of other lipid variables, it is important to note that we excluded patients having CHD with LDL-C levels of less than 100 mg/dL who had further treatment intensification with lipidlowering medications (Figure) . In addition, our study patients already had well-controlled lipid levels (Table 1) . Collectively, these 9200 patients with CHD had a total of 12 686 additional lipid panels performed. With a mean lipid panel cost of $16.08 based on Veterans Health Administration laboratory cost data, 15 this is equivalent to $203 990 in annual costs for one VA network and does not take into account the cost of the patient's time to undergo lipid testing and the cost of the provider's time to manage these results and notify the patient. As per the current debate in the literature, 16, 17 if the forthcoming Adult Treatment Panel IV cholesterol management guidelines adopt a statin dose-based approach as opposed to the current treat-to-target approach, then the need for frequent cholesterol testing in patients with CHD would be reduced even further. Our results show that an increase in the illness burden of patients in a provider's panel was associated with more frequent lipid testing. Combined with a greater likelihood of repeat lipid testing in patients having CHD with concomitant DM or hypertension, this points toward a tendency of health care providers to order frequent laboratory testing in complex patients. Frequent lipid testing in these patients likely represents providers' practice to order comprehensive laboratory tests (including lipid levels) rather than focusing on one clinical issue (eg, ordering glycated hemoglobin measurement to assess diabetes control). Our results also show that patients receiving more frequent primary care visits were more likely to undergo repeat lipid testing. More frequent primary care visits in a patient having CHD with well-controlled lipid levels could represent other illnesses (eg, uncontrolled DM) that sometimes require frequent monitoring of laboratory values, such as glycated hemoglobin level. Even when these illnesses are well controlled, repeat lipid testing likely provides a sense of comfort to the providers that they are being vigilant in following up on their patients with CHD, although a repeat lipid panel may not be indicated. Our results also show that patients having good medication adherence were less likely to undergo repeat lipid testing compared with those having poor medication adherence. The low rates of adherence to lipid-lowering medications in our study are consistent with prior studies. 7, 18 Repeat lipid testing in a patient with lower adherence, despite an at-target LDL-C level, could represent a provider's uncertainty regarding the lipid panel result. Although this might be the case, it has been shown that routine cholesterol monitoring in patients who have cholesterol levels at target is likely to detect many more false-positive cholesterol results than truepositive cholesterol results. 19 Our study has limitations. These results represent the pattern of care within one VA network, with few women; therefore, our findings may not be generalizable. Although we assessed intensification of lipid-lowering medication regimens, our data sources do not adequately capture dietary or lifestyle recommendations. It is possible that some repeat lipid testing in patients with LDL-C levels less than 100 mg/dL could have been performed following dietary or lifestyle recommendations by the providers. Conversely, the baseline lipid levels (Table 1) in these patients reflect an already aggressively treated group of patients. Our analyses captured repeat lipid testing performed in the VA health care system. It is possible that some patients could have received at least part of their care outside the VA system; therefore, the true frequency of repeat lipid testing may have been underestimated. Last, we used VA pharmacy data sources, which may not fully capture the use of over-thecounter medications, such as fish oil tablets, and medications received from outside the VA system.
In conclusion, one-third of patients having CHD with LDL-C levels at goal had repeat lipid panels performed within 11 months of their index lipid panel. Our results highlight areas to target for future quality improvement initiatives aimed at reducing redundant lipid testing in patients with CHD. 
